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SUMMARY 



Tests of a 0.30-??cale semispan model of the Douglas 
XTB2D-1 airplane wing and fuselage combination equipped 
with full-span double-slotted flaps have been conducted 
in the NACA 19-foot pressu.i'e tunnel. This paper presents 
the results of that portion of the investigation con- 
cerning the development of the outboard flap, or roll 
flap. The purposes of these tests were (1) determination 
of the optimium relative positions of the v;ing, vane, and 
roll flap consistent vvith a high m.axim.um lift coefficient 
and adequate rolling effectiveness; (2) determination of 
the roll-flap loads and hinge mom.ents for design infor- 
mation; and (3) an estimation of the lateral-control 
forces of the airplane. 

The results indicate that adequate rolling effec- 
tiveness and a high maximum lift coefficient may be 
obtained with the use of full-span double-slotted flaps. 
The lateral-control forces of the XTB2D-1 airplane meet 
the Navy Department requiremients . However, it is recomi- 
mended that the maximum, value of the helix angle be 
raised by increasing the maxim.um roll-flap deflection 
for the flaps-retracted condition. 
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INTRODUCTION 



At the request of the Bureau of Aeronautics, Navy 
Department, a O.JO-scale semispan model of the Douglas 
XTB2D-1 airplane v/lng and fuselage combination was 
tested in the NACA 19-foot pressure tunnel. The primary 
purposes of these tests were (1) to position the full- 
span double-slotted flaps so that adequate lateral con- 
trol and a high maximum lift coefficient might be 
obtained; (2) to determine the effectiveness of the 
inboard flaps as a dive brake; and (5) to determine the 
full-span flap leads and hinge mom.ents^ 

This report presents the results of the investiga- 
tion to determine the optimum relativo positions of the 
wing, vane, and roll flap, the roll-flap loads and hinge 
moments, and an estimation of the lateral-control char- 
acteristics of the airplane. The data and analysis of 
the other enumerated items are presented in reference It 

A semispan model was tested for the purpose of 
securing data at a large Reynolds nwnber. An end plate 
vcas installed in the tunnel to act as a reflection plane 
for maintaining the correct air flov/ and lift distribu- 
tion over the wing. 



COEFFICIENTS AND SYMBOLS 



The coefficients and symbols used herein are 
defined as follows: 

Cj^ lift coefficient (L/qS) 

Cjj drag coefficient (D/qS) 

pitching-moment coefficient (M/qSc) 
rolling-moment coefficient (L^/qSh) 
yawing-m.oment coefficient (N/qSb) 
roll-flap hinge-moment coefficient (H^/q" 




roll-flap normal- force coefficient (NaA^a) 

roll-flap chord force coefficient (Ca/q^a) 

rate of change of rolling-moment coefficient 
with helix angle / — 

pressure coefficient I 



lift 
drag 

pitching inoment 
rolling moment 
yawing moment 

roll-flap hinge moment measured about 0.262 roll- 
flap chord 

roll-flap normal force 

roll-flap chord force 

difference between local static pressure and 
free-stream static pressure 

/l 2\ 

dynamic pressure of free stream I 2P'^ / 
wing area (27.24 feet^) 
mean aerodynamic chord (2 •GOG feet) 
roll-flap area (2.654 feet^) 

helix angle, where p is the rolling velocity 
model span (10.5 feet) 

product of span and square of root-mean-square 
chord of roll flap (0.832 foot^) 
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V airspeed 

Vi indicated airspeed 



a 

r 



0,001189Cl J 



p mass density of air 
and 

a corrected angle of attack of wing reference line 

a' tunnel angle of attack of wing reference line 

6^ roll-flap deflection 

5f inboard flap deflection 

5^ control v/heel deflection 

c^ wing chord at any spanv-.ise station 

radial distance from wing lip to vane 

!]_ distance, parallel to wing reference line, from 

wing lip to vane leading edge 

gg radial distance from vane trailing edge to flap 

l2 distance, parallel to wing reference line, from 

vane trailing edge to flap leading edge 



By^ roll-flap vane angle 

5^ roll-flap cut-off angle 

^a 

R test Reynolds number (pVc/tx) 

M Mach number (V/a) 

jx coefficient of viscosity 

a sonic velocity 

roll-flap control force at rimx of wheel 
control Vv^heel radius (0.583 foot) 



t time 
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angle of sideslip 
angle of bank 



MODEL AND TESTS 



The general dimensions of the 0.30-scale XTB2D-1 
semirpan model and the arrangement of the m^odel and the 
end plate in the 19-foot pressure tunnel are shown in 
figures 1 and 2. A com.plete description of the model 
is given in reference 1. 

The tests were conducted with the air in the tunnel 
compressed to 55 pounds per square inch absolute pressure. 
For the m.ajority of the tests, the dynamic pressure was 
approximately 50 pounds per square foot, corresponding 
to a test Reynolds number and a Mach number of approxi- 
mately 5,200,000 and 0.12, respectively. The aerodynamic 
forces and moments v/ere measured by an electrically 
recording, six-component balance system. The roll-flap 
loads and hinge m.oments were m.easured by means of 
resistance- type strain gages. 

For vane and roll-flap positioning purposes, the roll 
flap was arbitrarily set at a deflection of 30^. The wing, 
vane, and roll-flap parameters (fig. 3) were measured 
relative to this position. The model v/as tested through 
a range of angles of attack and a range of roll-flap 
deflections for each of the roll-flap hinge-line and vane 
positions investigated. During this series of tests, 
excessive vibration of the roll flap at extreme deflec- 
tions (48^) necessitated reducing the dynam.ic pressure 
to give a Reynolds number of approximately 4,300,000 for 
these high-deflection tests. 

For the purpose of determining the lateral-control 
characteristics, the model was tested through an angle- 
of-attack range at several roll-flap deflections and at 
various extensions of the full-span flaps. For these 
tests the relative positions of the wing, vane, and roll 
flap at full extension were those determined from, the 
positioning studies; these settings are shown in figure 4. 
The path of the roll flap and the vane from the retracted 
to the fully extended position is shown in figure 5. It 
should be noted that the attitude of the vane^'was fixed 
with respect to the wing for a given extension and was 
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not changed with a change In the roll-flap deflection. 
The attitude of the vane at other than full extension 
was determined from the linkage system intended for 
use on the airplane. 

Since in the fully retracted position the roll flap 
deflected against the wing lip at positive deflections, 
roll-flap loads and hinge moments could not be determined. 
It v/as therefore necessary to allow a slight clearance 
between the roll flap and the w^ing lip and also to 
minim.ize the deflection by reducing the dynamic pressure 
to give a Reynolds num.ber of approximately 4,300,000. 
The effects of the reduced dynamic pressure and of the 
clearance v;ere not exactly determined but are believed 
to be small. 

No tests of tab effectiveness were made. 

Scatic-pressure tubes were installed flush with the 
upper and lower surfaces of the roll flap at a section 
approximxately miidspan of the roll flap in order to 
determine the pressure distribution for the retracted 
roll flap. Figure 6 gives a cross-sectional view of the 
roll flap show-ing the location of the pressure orifices. 
The pressure measurements were photographically recorded 
on a multiple-tube m.anometer. 

The ^^standard model configuration" as used herein 
is defined as the plain wing and fuselage equipped with 
the small chord vanes and without the end-plate seal. 



DATA AND CORRECTIONS 



All results were reduced to standard nondim.ensional 
coefficients converted, with the exception of the rolling- 
and yawing-moment coefficients, so as to apply to a 
symmetrical com^plete v^ing and fuselage combination. The 
rolling- and yav/ing-m.oment coefficients apply to a com- 
plete wing and fuselage com.bination only for the condi- 
tion where the left roll flap is deflected from, neutral. 
The pitching, rolling, and yav^ring mom.ents, as converted, 
are referred to the wind axes originating at the normal 
center-of-gravity location in the plane of symm.etry at 
25 percent of the mean aerodynam.ic chord and 0.0320" above 
the wing reference line. 
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Inasmuch as the desired results were primarily com- 
parative, corrections were not applied for the effects 
of the drag and Interference of the model support system* 
^ The effects are therefore included in the lift, drag, 

^ and pitching-mom.ent coefficients. The increments in 

I these coefficients are considered to be correct although 

the small increments in the tare values due to flap 
deflections are neglected. 

Hov;ever, corrections were applied for the effects 
of air- flow misalinement and jet boundary, which includes 
streamline curvature and the induced rolling and yawing 
mom.ents due to the reflection plane. The value of the 
rolling m.oment recorded by the balance system, with the 
roll flap in its neutral pos?.tion was used as a tare, and 
the net rolling moment was thus equal to zero when the 
roll flap was set at neutral. This tare, then, may be 
considered a^ including practically all of the tare 
effects of the model support system, on the rolling 
moments* The corrections applied to the yawing-moment 
coefficient v;ere simiilar to those applied to the rolling- 
moment coefficient. Thus, the rolling- and yawing- 
moment coefficients miay be considered to be absolute 
values. No corrections were applied to the roll -flap 
hinge-moment or force coefficients. 

The magnitude and rign of the com.plete corrections 
to the gross data are given in the following equations: 



u r o s s 

a = a' + 0.788CX, + 0.3 

C7 = O.90O/C7 - C7 , ^ 

^ ''gross ''tarey 

Cp = Cv, - - 0.0314C7 Ct 

■'^gross ^^tare ''corr ■'-'grops 
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RESUI.TS AND DISCUSSION 
Pc ? i t i on Ing Inv e s t iga t i on 



The lift and rolling charac terl.s tic g for the various 
relative positions of the wing lip, vane, and ro3 1 flap 
are .^hown in figure 7. A cross plot of figure 7, giving 
rolllng->noment coefficient with respect to roll-flap 
deflection for an angle of attack of 9^, is shown in 
figure 8 from which the effects of the roll-flap parameters 
may be ob^^erved. 

It should be noted here that the lift coefficients 
of figure 7 actually represent values which would be 
obtained on a full-span model with both roll flaps 
deflected eaually in the same direction. Any estimate 
of roll-flap characteristics for specified lift coef- 
ficients should ther>efore be made using the lift coeffi- 
cient obtained with the roll flap in its neutral position. 

The effects of the various roll-flap parameters on 
the rolling ef f cctivrne ss at large roll-flap deflection 
may be sum^marized in the following table, prepared from 
the data of figures 7 and 8: 



Roll-flap 
arran^^e- 

ment 


(deg) 


-- -- 
-1' w 






Vv 


(deg) 


Cj for 
fa = 


(5a =30°) 


1 




0.019 


0,011 


0.017 


O.O48 


^5 


0.0162 


2.6? 


2 


ho 


.019 


.011 


.017 




38 


.0266 


2.71 


5 


ho 


.015 


.311 


,022 


.0U6 


38 


.0295 


2.72 




ho 


.015 


.011 


.017 


.0U8 


38 


.0270 


2.75 


5 


ho 


.015 


.011 


.017 


.oJ+fc 


31 


.0290 


2.67 


6 


3h 


.015 


.011 


.017 


.OaB 


36 


.0303 


2.67 


7 


ho 


.015 


.Olii 


.012 


.OUB 


7>8 


.0160 


2.7.'4 


8 


ho 


.015 


.011 


.017 


.052 


38 


.0280 


2.77 



As shown by the values in the preceding table, 
arran/Tem:ent 6 gave the best rolling ef f ec fcivene ^^s for 
large"*'def lections while still providing a reasonably 
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high maximum lift coefficient for neutral roll flap 
(6a = 20^) • Because of undesirable roll-flap vibration 
observed in te'^ts of thi?^ conibination, however, it was 
^ decided that arrangement 3 was the most satisfactory of 

^ the combinations tested. These settings were selected 

^ as the optimum arrangem.ent and used in the remainder of 

^ the lateral-control investigation. 

The effectiveness of the roll flap appears to be 
sensitive to small changes in the vane angle 67^^ and 

also to small variations in the vane-roll-flap gap gg, 
although the results are not conclusive in the case of 
the latter parameter* In the range tested, the effec- 
tiveness of the roll flap is only slightly affected by 
small changes in. the other param^eters. 



Lateral-Control Characteristics 

In figures 9 through 15 the characteristics of the 
m.odel and the roll flap^for the retracted. Intermediate, 
and fully extended positions of the full-span flaps are 
presented for several angles of attack. A smooth varia- 
tion of rolling veloci ty^with roll-flap deflection is 
indicated. The data in these figures were cross-plotted 
from the original data, a representative plot of which 
is shown in figure IS. The lift, drag, and pitohing- 
mom.ent characteristics of the m.odel for the neutral roll- 
flap deflections at the various extensions are given In 
figure 17. The data obtained from tests of the XTB2D-1 
semispan model are analysed herein to give estimated 
full-scale values of the helix angle and the wheel 
forces. 

Flap'^^ neutr al.- The value of the helix angle for 
the flaps-retracted flight conditions is estlm.ated as 



O.SCj 



2V Ci 
P 



where the value C7 =0.57 was obtained by correcting 

^p 

the value indicated in reference 2 to a lift-curve slope 
of 0.1C8 rather than the theoretical lift-curve slope of 
0.099 used in reference 2. The factor 0.8 is empirically 
determined from attemipts to correlate wind-tunnel and 
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flight data and allows for reductions in the available 
rolling moment due to. adverse yaw at low speed? and to 
wing twisting and compressibility at high speeds. The 
wheel forces in steady rolls were determined from^ the 
following equation? 



Fa = 







^ha , 
aown 


r 













where the hinge-moment coefficients were corrected for 
the change in local effective angle of attack due to 
steady rolling. The mechanical advantage of the control 
system which was used in the determination of the wheel 
forces is given in figure 18. 

The estimated roll-flap effectiveness for the flaps- 
retracted condition is showu in figure 19. The condi- 
tions considered correspond to 120 and 140 percent of 
the flaps-retracted stalling speed and to 80 percent of 
the expected maximium speed. The stalling speeds were 
determined using an assumed wing loading of 39.7 pounds 
per square foot and values of maximum, lift coefficient 
determined from, reference 1* A maximum speed of 
303 miles per hour indicated was assumed on the basis 
of Information supplied by the contractor. At 80 percent 
of the m.axim.um speed, a v;heel force of 78 pounds is 
required to produce a wing-tip helix angle of 0.070 radian 
at the maximum roll-flap deflection. The Navy Departmient 
requirem^ents as specified in reference 5 state that the 
lateral-control device should be of sufficient power to 
give a wing-tip helix angle equal to or greater than 0.08 
and that at any speed above 140 percent of the stalling 
speed and below 80 percent of the m.aximum speed the wheel 
force shall not exceed 80 pounds. In order to meet the 
requlrem.ent that the helix angle pb/2V be equal to or 
greater than 0.08, it appears that m.ore roll-flap deflec- 
tion is necessary. The variation of control force with 
helix angle appears smooth. 

Flaps deflected .- The 0.8 factor used in the deter- 
mination of the wing-tip helix angles v;as based upon a 
comxparison of flight and wind-tunnel tests of conventional 
aileron arrangements for which the ratio of the adverse 



yawing moment to rolling moment \=vas of the order of -0.2. 
In the present tests, with the full-.'?pan flaps deflected 
50^, the ratio was approximately -0.53 at 120 percent of 
the stalling speed. Moreover, the adverse yaw due to 
rolling is greater with full-span flaps than with partial- 
span flaps or no flaps. For these reasons rt Vi/as felt 
that the 0.8 factor wes not applicable to the full-span- 
flap case. Using lateral-stability derivatives and m.ass 
characteristics supplied by the Douglas Company on the 
basis of complete model tests and design data^ the 
motions of the airplane following abrupt full roll-flap 
deflection were calculated by the methods of reference if.. 
The results of these calculations are shown in figures 20 
and £1. Although the present tests v;ere made with flaps 
deflected 30^^, the stabilitjr derivatives were estimated 
for the airplane in its actual flight configuration in ^ 
which the outboard flap deflection was approximately 20 
and the inboard flap deflection approximiately 36^ at the 
speed considered (92 miles per hour indicated). The 
quantitative results of figures 20 and 21, therefore, 
will nob apply exactl;^- to either configuration. It is 
believed, however, that the curves may be accepted as a 
reasonable indication of the motions of the airplane in 
its flight configuration at a speed slightly above 
120 percent of the stalling speed. 

Fo rolling reversal is observed but the rolling 
velocity is noticeably reduced by the adverse yaw. The 
curves of figure 21 indicate that an arbitrary value of 



ment with the calculated rolling mouion. This lower 
factor was used in estimating over-all average values of 
pb/2V for use in calculating the aileron control forces 
which are shown plotted against average helix angle in 
figure 22. For full deflection, average pb/2V values 
in excess of 0.08 are indicated, with satisfactorily low 
control forces. Variation of control force with helix 
angle appears smooth. 

Inasm.uch as the rolling velocity did not remain 
constant v/lth tim.e, it was thought desirable to present 
values of effective pb/2V during periods of time 
required to reach certain angles of bank. These values 
are shown in firure 25. 




rather than 




y;ould be in fair agree- 
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It may be noted that the maximuin angle of sideslip 
shown in figure 20 is approxi'Tiately 35^ - considerably 
higher than the ordinarily accepted inaximum of 20^. No 
computations, however, were made to determine the am.ounts 
of ruc^der deflection or pedal force required to counter- 
act the sideslip. 

holl-f] ap pressure dis tribution c - The chordv/ise 
pressure distribution over the retracted roll flap is 
preserted in flpure 24. The pressure distribution is 
given for several roll-flap deflections and for various 
angles of attack of the inodel. An insufficient number 
of pressure orifices in the vicinity of the wing lip 
prevented the determination of the peak pressures. 
Consequently, the pressure diagraiTs are not closed. The 
trends, hov^ever, are Indicated by arrows. 



CONCLUSIONS 



On the basis of the KTB2D-1 semispan model test 
data presented herein, the following conclusions may 
be drawn: 

Ic Adequate rolling effectiveness and a high maxi- 
mum lift coefficient were obtained with full- span double - 
slotted flaps deflected for values of the roll-flap 
parameters as follows: 

Vane angle, deg „ . . » o 40 

Lip -vane gap . c . , . . . o » » « » O.OlSCyy 

Lip-vane overhang « - 0.0110^- 

Vane-roll-i"] ap gap . . . c o . » « » 0.022CYy 

Yane-roll-f lap overhang • o . . » - 0.048Cy/ 

Cut-off angle, deg . . . • . . » . o 38 

2, Roll-flap effectiveness appears to be sensitive 
to small variations of the vane angle. The effects of 
the vane-^oll-f lap gap cannot be isolated com.pletely, but 
small changes in the value of this parameter appear to 
influence the roll-flap effectiveness appreciably. The 
rem.alnlng parameters appear to have little effect in the 
range Inve stigated . 

3. The estimated r.-iaximum helix angle and the corre- 
sponding wheel force are O.OVC radian and 78 pounds. 
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respectively, for the 80-percent maximum ?peed, flaps-up 
condition, Hell:^: angles up to 0.081, with small wheel 
forces, are estimated for the lew-speed flaps-extended 
condition. 

4. It is recoiiLmended that the raaximumx roll-flap 
deflection for the flaps-retracted condition be increased 
in order to obtain a pb/2V of ©•OB as required by the 
Navy Departm.ent specifications* 



Lanj-ley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., September 7, 1944 
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Figure 3 . 'Rol I - flap p or am e fers . 
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FiguPG C " Chord wise location of roll- flap 
pressupQ on fi ce^. 
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